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generator vehicle brake, an auxiliary drive and/or an active 
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ELECTRIC MACHINE FOR DAMPENING 
VIBRATIONS IN A DRIVE TRAIN AND 
METHOD OF USING THE SAME 

RELATED APPLICATION 

This patent is a continuation of co-pending international 
patent application Serial No. PCT/DE97/01628 Which Was 
?led on Jul. 29, 1997. 

FIELD OF THE INVENTION 

The invention relates generally to drive trains, and, more 
particularly, to an electric machine for achieving vibration 
dampening in a drive train. The invention also concerns a 
method for operation of this type of electric machine, 
especially in a vehicle. 

BACKGROUND OF THE INVENTION 

OWing to the discontinuous method of operation, a num 
ber of different vibration phenomena occur in an internal 
combustion piston engine. Torsional vibrations in the drive 
train of a vehicle caused by torque ?uctuations of the 
internal combustion engine are particularly noticeable. 
These vibrations propagate over the other vehicle compo 
nents and often lead to a noise and vibration level that 
disturb the vehicle occupants. The linear vibrations of the 
entire engine block caused by inertial forces associated With 
the internal combustion engine, Which can also propagate 
over the drive train, are also signi?cant. 

To reduce these torsional vibrations, DE 41 00 937 A1 
proposes that a passive torsional vibration dampener be 
arranged in the drive train of the vehicle betWeen its internal 
combustion engine and its transmission. The proposed pas 
sive dampener has an input part driven by the internal 
combustion engine and an output part positioned on the 
input shaft of the transmission. The output part is connected 
to the input part in torsionally elastic fashion by a spring 
system. An active torsional vibration dampener in the form 
of an electric machine is also provided in the drive train 
behind the previously mentioned passive torsional vibration 
dampener. The rotor of the active torsional vibration damp 
ener sits on the input shaft of the transmission and counter 
acts the torque ?uctuations still remaining at the output of 
the passive torsional vibration damper. HoWever, this 
arrangement is often unusable under practical conditions 
because of the limited space available in the drive area of 
many vehicles. 

A starter/generator Whose rotor sits on a rotating shaft 
With a drive unit, (for example, a crankshaft of an internal 
combustion engine), and at the same time is designed as a 
passive torsional vibration absorber, is also knoWn from DE 
44 06 481. The rotor of this knoWn apparatus consists of a 
ring-like absorption mass (elastically connected via a rubber 
layer), Which can be rotated relative to the rotating shaft 
Within the scope of elastic couplings. The elastic couplings 
do not interrupt the torque path of the shaft. Instead, the shaft 
is rigidly continuous. Thus, instead of performing vibration 
dampening, the elastic couplings serve only for coupling a 
free absorber mass to the shaft. 

The absorber effect of this knoWn apparatus is achieved 
by detuning the oscillation system. Speci?cally, by virtue of 
the absorber mass, the base system acquires an additional 
degree of freedom Which shifts the resonance frequencies. 
This expedient, hoWever, is only fully effective if excitation 
of the base system occurs With a ?xed frequency in the 
vicinity of (unshifted) resonance. Since internal combustion 
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2 
engines are generally operated With variable speed, and 
since the number of vibration absorbers that can be imple 
mented under practical conditions is limited, resonances are 
unavoidable under this knoWn approach. 

SUMMARY OF THE INVENTION 

In accordance With an aspect of the invention, an appa 
ratus is provided for use With a drive train having a drive 
side, a driven side and a torque path. The apparatus includes 
a stator and a rotor disposed adjacent the stator Within the 
torque path of the drive train. The rotor de?nes a substan 
tially holloW interior. The apparatus also includes a vibration 
insulation device disposed at least in part Within the holloW 
interior of the rotor and Within the torque path of the drive 
train. 

Other features and advantages are inherent in the appa 
ratus claimed and disclosed or Will become apparent to those 
skilled in the art from the folloWing detailed description and 
its accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

The sole FIGURE is a schematic illustration of an electric 
machine constructed in accordance With the teachings of the 
invention shoWn in cross section in an exemplary environ 
ment of use. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although, for simplicity of explanation, the folloWing 
description describes an electric machine 4 constructed in 
accordance With the teachings of the invention in connection 
With a drive train of an internal combustion engine of a 
vehicle, persons of ordinary skill in the art Will readily 
appreciate that the teachings of the invention are not 
restricted to this particular environment of use. On the 
contrary, persons of ordinary skill in the art Will appreciate 
that the teachings of the invention may be applied to other 
drive systems such as, for example, machine tools, Without 
departing from the scope or spirit of the invention. 
The torque transfer path of the drive train illustrated in the 

FIGURE runs from an internal combustion engine 2 via 
conventional connecting elements (not shoWn), such as a 
clutch, to an electric machine 4, and via additional conven 
tional connecting elements (also not shoWn), like an addi 
tional clutch, articulated shafts, etc., to a transmission 6. In 
the illustrated example, the transmission 6 drives the Wheels 
of a vehicle in a knoWn fashion. 

The electric machine 4 is situated in the torque transfer 
path. As shoWn in the FIGURE, the electric machine 4 has 
a ?xed stator 10 fastened on either the engine housing or on 
the vehicle body. The stator 10 is provided With stator coils 
8. The electric machine 4 also has a rotatable rotor 12 
arranged in the drive train. The rotor 12 includes an outer 
annular part 14, Which combines in one piece (a) the electric 
and magnetic functions of the rotor 12, and (b) the function 
of one of the tWo basic elements of a vibration insulation 
device. The annular part 14 is referred to herein as the 
primary part of the vibration insulation device. The primary 
part 14 is connected to rotate in unison With the drive side 
of the drive train Which is implemented in this illustration as 
a crankshaft of the internal combustion engine 2. The 
connection to the drive shaft may optionally be made via 
couplings and/or connection shafts (not shoWn). As shoWn 
in the illustration, the primary part 14 is preferably sup 
ported on the shaft by a support 15, implemented in this 
embodiment as a one-sided cage. 
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The vibration insulation device also comprises an 
internal, essentially disk-like, secondary part 18. The sec 
ondary part 18 is concentrically located Within the opening 
of the annular primary part 14. As shoWn in the illustration, 
the secondary part 18 is connected to rotate in unison With 
the driven side of the drive train, Which leads to the 
transmission 6. The secondary part 18 preferably grades into 
a hub, Which is rigidly positioned on a shaft leading to 
transmission 6, (optionally, via additional shafts and cou 
plings as mentioned above). 

The drive train shafts are mounted in bearings 19, 20 in 
front of and/or behind the electric machine 4. This means 
that the rotor 12 is only supported on one side, since, as 
explained beloW, the primary and the secondary parts are 
only coupled via an elastic coupling. 

The illustrated electric machine 4 is an asynchronous 
machine Whose stator coils 8 are designed as a three-phase 
current Winding, Which is supplied by a pulse inverter to 
generate rotational ?elds With a current of freely adjustable 
frequency, phase and/or amplitude. The electrically or mag 
netically active outer part of the primary part 14 forms a 
short circuit squirrel cage With cage bars 21 running in the 
axial direction of the cage. The cage bars 21 are electrically 
and mechanically connected on their ends to conductors 
running along the periphery of the cage. When applied, outer 
rotational ?elds Will induce currents in the squirrel cage so 
that a torque is exerted on the rotor 12. 

The primary part 14 and the secondary part 18 of rotor 12 
are mounted to rotate on the same axis and are coupled in 
torsionally elastic fashion via a vibration insulation element 
22 shoWn only schematically. The vibration insulation ele 
ment 22 comprises one or more coil or helical springs. In a 
preferred variant, the inner primary part 14 encompasses the 
outer secondary part 18 in the radial direction so that the 
outer primary part 14 can be rotated on or relative to the 
secondary part 18. Moreover, several coil springs are 
arranged in the peripheral direction betWeen the primary and 
secondary parts 14, 18 and are each attached With one end 
to primary part 14 and With the other end to secondary part 
18 so that the primary and secondary parts 14, 18 are 
coupled in torsionally elastic fashion via the coil springs. 

The drive torque of the internal combustion engine 2 is 
transferred via crankshaft 16 to the primary part 14 Which is 
rigidly connected to crankshaft 16 via support 15. The drive 
torque is also transferred to the secondary part 18 via the 
vibration insulation element 22; and from the secondary part 
to the transmission 6 via the shaft 20. Any torque ?uctua 
tions on the drive side of the drive train that are attributed to 
the discontinuous method of operation of the piston internal 
combustion engine are dampened by the vibration insulation 
element 22 in the rotor 12 of the electric machine 4, (i.e., 
such vibrations are either not transferred or are only trans 
ferred to a limited degree to the secondary part 18 and, thus, 
to the driven side of the drive train). 

The vibration insulation is more effective, the further the 
exciter frequency, (here the frequency of the torque ?uctua 
tions of the internal combustion engine 2), lies above the 
natural frequency of the oscillation system, (i.e., the loWer 
the resonance frequency). The masses that are necessarily 
present (and consequently the moments of inertia) in the 
drive train shafts as Well as the masses of the primary and 
secondary parts together With the spring rigidity of the 
vibration insulation element 22 de?ne the resonance fre 
quency of the present vibration system. If the resonance 
frequency does not lie loW enough, additional masses 24 
(preferably annular in form) are provided, for example, on 
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4 
the primary part 14 (as indicated With the dashed lines) 
and/or on the secondary part 18 (not shoWn) in order to shift 
the natural frequency of the drive train beloW the exciter 
frequency range. 
The electric machine 4 can also assume the function of a 

starter to start an internal combustion engine in a vehicle, 
and/or the function of a generator for supplying poWer to the 
vehicle. For this purpose the electric machine 4 is connected 
to a control device 30, Which in?uences the exciter currents 
of the stator Windings 8 so that, during activation of the 
vehicle ignition key, the electric machine 4 operates as 
motor (starter) to start the internal combustion engine and 
then is sWitched to generator operation. 

Moreover, the electric machine 4 can also serve as a 
generator brake for Wear-free vehicle braking With recovery 
of the brake energy (so-called retarder function), as Well as 
a drive and acceleration support of the internal combustion 
energy (so-called booster function). 
The electric machine 4 can also serve as an active 

torsional vibration dampener to, for example, compensate 
for rotational irregularities in the drive train Which are 
primarily attributed to gas and mass forces of the internal 
combustion engine 2. For this purpose the control device 30 
controls the exciter currents of the stator Windings 8 so that 
the torque exerted on the primary part 14 of the rotor 12 
counteracts any torque ?uctuations of the primary part 14 
and, thus, any torque ?uctuations present in the crankshaft 
driven by the internal combustion engine and any shafts 
coupled to it, for example, in counterphase. In this fashion 
torsional vibrations are largely actively compensated. 
Should any residual vibrations remain on the primary part 
14, hoWever, these residual vibrations are shielded from the 
driven side by the vibration insulation element 22 betWeen 
the primary and secondary parts. 
As shoWn in the FIGURE, active vibration damping can 

occur in controlled fashion. For example, a speed sensor 32 
can be arranged at an appropriate site in the vicinity of 
primary part 14 in order to continuously measure the instan 
taneous speed or angular segment speed of the primary part 
14. The instantaneous speeds determined by the speed 
sensor 32 are fed to the control device 30 (Which may, for 
example, be implemented by a programmed 
microprocessor), Which compares the instantaneous value 
With a stipulated reference value and then generates a 
control difference signal as a gauge for any instantaneous or 
periodic rotational irregularity of the primary part 14. The 
exciter currents of the stator 10 are controlled based on this 
control difference so that the primary part 14 is exposed to 
an alternating torque of opposite phase of the same magni 
tude as the rotational irregularity. As an alternative, a con 
trolled active damping is also possible, in Which the 
expected rotational irregularity is taken from a prestored 
characteristic and serves to generate an alternating torque of 
the same magnitude of opposite phase. 
Of course, persons of ordinary skill in the art Will readily 

appreciate that the electric machine 4 can be used for 
vibration damping and for generator current production 
simultaneously Without departing from the scope or the 
spirit of the invention. 
From the foregoing, persons of ordinary skill in the art 

Will appreciate that the disclosed electric machine 4 inserts 
vibration insulation in the drive train and the vibration 
insulation is integrated in the rotor 12 of the electric machine 
4. 
The rotor 12 of the electric machine 4, as far as its electric 

and magnetic function is concerned, is preferably holloW on 
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the inside, (i.e., no electric and/or magnetic re?ux occurs via 
the rotor axis). The rotor 12 is similar to a hollow cylinder. 
The holloW space in the rotor 12 then serves to accommo 
date the vibration insulation elements 22. 
The illustrated electric machine 4 achieves many 

advantages, especially When used in vehicles. For example, 
the illustrated electric machine 4 combined With the vibra 
tion insulation device is characteriZed by a simple and 
compact design. By integrating the vibration insulation 
device in the rotor 12 the Weight and the dimensions of the 
combined system are decidedly reduced, so that the electric 
machine 4 and the vibration insulation device can be accom 
modated in the engine or drive area of a vehicle even With 
limited space. Unlike the knoWn vibration damping system 
described above, in the disclosed device the vibration insu 
lation device is part of the electric machine 4 Which is itself 
positioned in the drive train of the drive unit. This type of 
integration implies different space utiliZation, mainly in the 
direction of radial extent of the vibration insulation. This is 
advantageous if the vibration properties of the drive train are 
to be varied by increasing the moment of inertia. With this 
type of radial arrangement a higher moment of inertia is 
achieved at the same Weight, Which has an overall positive 
effect on vehicle Weight. 

The effect of vibration insulation in the rotor 12 of the 
electric machine 4 is achieved by connecting one or more 
elastic coupling elements 22 betWeen the drive side of the 
rotor 12 (i.e., the side connected to the drive unit) and the 
driven side of the rotor 12 (i.e., the side connected to a shaft 
leading to the transmission 6). This arrangement at least 
largely prevents transfer of any torque ?uctuations on the 
drive side to the driven side. 

It is knoWn that the transfer of vibrational energy at 
excitation frequencies above a resonance frequency of the 
vibration system is dynamically reduced by incorporating 
elastic coupling elements betWeen vibration systems. Since 
the resonance frequency in this type of vibration insulation 
is loWer than the exciter frequency and since a loW reso 
nance frequency is achieved by limited spring rigidity and/or 
high moment of inertia, this area of operation is also called 
“soft tuning”. The vibration insulation effect is due essen 
tially to the fact that the output side of the vibration 
insulation “lags behind” the vibrations of the input side 
generated by the exciter source during soft tuning so that no 
signi?cant energy transfer occurs, and indeed, the greater the 
exciter frequency relative to the resonance frequency, the 
less transfer occurs. 

The vibration insulation device integrated in the rotor 12 
therefore, shields the part of the drive train lying behind it 
from torsional vibrations from the part of the drive train 
lying in front of it. In addition, insulation occurs relative to 
linear vibrations from the internal combustion engine, 
depending on the layout of the vibration insulation. 

In a preferred variant, the vibration insulation device 
integrated in the rotor 12 comprises tWo basic elements. One 
of the basic elements, called the primary part 14, is con 
nected to rotate in unison With the drive side of the drive 
train, for example, to a crankshaft of the internal combustion 
engine. The other basic element, called the secondary part 
18, is connected to rotate in unison With the driven side of 
the drive train, (for example, is connected to an input shaft 
of the transmission 6). The tWo basic elements 14, 18 are 
connected together in torsionally elastic fashion. In other 
Words, the tWo basic elements 14, 18 are isolated from each 
other in terms of torsional oscillation. 

Persons skilled in the art Will appreciate that the tWo basic 
elements 14, 18 in the rotor 12 can be incorporated in both 
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6 
possible arrangements in the drive train, namely, the primary 
part 14 connected on the drive side to the internal combus 
tion engine and the secondary part 18 connected to the 
driven side, or vice-versa. The electric machine 4 is accord 
ingly coupled directly or via the vibration insulation device 
to the internal combustion engine or the driven side. This 
description of a preferred practical example of the primary 
and secondary parts 14, 18 applies to both of the possible 
arrangements. 
Even if considerable freedom of design With respect to 

vibration insulation is offered by the holloW design of the 
rotor 12 With reference to electric and magnetic functions, in 
a particularly compact embodiment the rotor 12 is annular 
and the vibration insulation 22 is arranged With its tWo basic 
elements concentric to and in the interior of the rotor 12. In 
this manner a compact and robust elastic coupling can be 
achieved betWeen the primary and secondary parts 14, 18, 
for example, by several spring elements 22 arranged along 
the periphery betWeen the primary and secondary parts 
mounted to rotate opposite each other, each of Which is 
fastened With one end to the primary part 14 and With the 
other end to the secondary part 18. 
The rotor 12 itself advantageously forms one of the tWo 

basic elements of the vibration insulation device, for 
example the primary part 14. In this case the electric 
machine 4 essentially comprises three components, namely 
the stator 10, the rotor/primary part 14 and the secondary 
part 18 of the vibration insulation device. 

As already mentioned above, the dynamic vibration insu 
lation is primarily effective in the region of soft tuning, i.e., 
above the resonance frequency of the vibration system, i.e., 
at loW resonance frequency. Such soft tuning is preferably 
achieved by providing additional ?yWheel masses 24 on the 
primary part 14 and/or on the secondary part 18. These are 
counterbalanced, especially rotationally symmetric, for 
example, annular. By varying the ?yWheel masses 24 and/or 
by varying the rigidity of the elastic coupling 22, the 
vibration properties of the drive train can be in?uenced over 
a Wide extent. The resonance frequency of the vibration 
system can be shifted beloW the exciter frequency range by 
including additional masses that increase the moment of 
inertia on the primary and/or secondary part, and/or, 
optionally, by selection of loW spring rigidity. Even When the 
exciter frequency varies over a broad range, for example, by 
the speed range of an internal combustion engine, reso 
nances in the region of high critical speed are at least 
avoided by the mentioned expedient. In the case of tWo 
?yWheel masses, this type of vibration insulation is also 
called “tWo-mass-?yWheel”. 

In another advantageous variant, the mentioned ?yWheel 
masses 24 are coupled in torsionally elastic fashion to the 
primary 14 and/or secondary part 18. In addition to the 
vibration insulation effect of the elastic coupling betWeen 
the primary and secondary parts 14, 18, an absorption effect 
is also achieved in simple fashion by this ?yWheel arrange 
ment. The resonance frequency of the system can be advan 
tageously shifted into a favorable region, for example, to 
loWer frequencies, and the vibration reduction of the system 
optionally increased. 

Another advantageous measure to support the reduction in 
vibration consists of providing friction surfaces 40 betWeen 
parts of the primary and secondary parts 14, 18. These 
friction surfaces are mounted in torsionally elastic fashion, 
at least in sections. These friction surfaces have a damping 
effect or, more precisely, an energy dissipating effect. If, 
despite the aforementioned measures, the resonance fre 
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quency of the vibration system should still lie in the speed 
range of the internal combustion engine, the friction surfaces 
betWeen the primary and secondary parts 14, 18 cause a 
?attening of the interfering resonance increase based on 
damping. 

The rotor 12 of the electric machine 4 is advantageously 
coupled to rotate in unison With one of the tWo basic 
elements, (i.e., either the primary part 14 or the secondary 
part 18). In this embodiment of the electric machine 4, the 
basic element of the vibration insulation device coupled to 
rotate in unison With the rotor 12 and, optionally, in one 
piece does not assume any of the electric or magnetic 
functions of the rotor 12. These tWo parts 14, 18 are 
therefore functionally decoupled With respect to these func 
tions. (HoWever, in a mechanical respect, functional cou 
pling exists oWing to the Weight of the rotor, Which con 
tributes to the moment of inertia of the vibration system). As 
an alternative, one of the basic elements 14, 18 can at least 
partially assume electric and/or magnetic rotor functions, for 
example, perhaps conduct currents or magnetic ?ux in it. In 
this case the rotor 12 and one of the basic elements 14, 18 
of the vibration insulation device are, therefore, also advan 
tageously coupled With respect to electric and/or magnetic 
functions. 

Whereas electric machines that are mounted on a shaft in 
the drive train of a vehicle ordinarily have a rotor mounted 
on tWo sides, the rotor of the disclosed electric machine 4 is 
advantageously mounted only on one side and favorably 
creates a cavity for integration of the vibration insulation 22. 
The basic element 18 of the vibration insulation device 
Which is not coupled to rotate in unison With the rotor 12 
generally has an additional bearing 20, Which, hoWever, 
does not represent a bearing of the rotor 12 (as Well as the 
other basic element 14) oWing to the interposed elastic 
coupling 22. 

In principle, any type of electric machine Which can 
impose an appropriate torque, depending on the application 
can be employed in the disclosed apparatus, be it a dc, ac, 
three-phase asynchronous, three-phase synchronous or lin 
ear machine. A rotary ?eld machine in an asynchronous or 
synchronous design is particularly favorable for integration 
of the vibration insulation, Whose rotor 12 is a squirrel cage 
rotor or a rotor With salient magnetic poles. The short circuit 
rotor in the asynchronous machine can be a holloW squirrel 
cage rotor 12 With cage bars 21 in the axial direction. In 
other embodiments the rotor 12 has Windings that can be 
shorted externally via slip rings. The salient magnetic poles 
of the rotor 12 in the synchronous machine are achieved, for 
example, With permanent magnets or, preferably, electro 
magnets that are fed With an exciter current via slip rings. 

As mentioned above, the disclosed electric machine 4 can 
be used With particular advantage as a starter for starting an 
internal combustion engine. In this case, the rotor 12 of the 
electric machine 4 is connected to a crankshaft of the 
internal combustion engine either rigidly or via the vibration 
insulation device, and is supplied With the necessary startup 
torque for starting the internal combustion engine. The 
torque is transferred to the crankshaft Without an auxiliary 
unit connected in betWeen. In this manner the electric 
machine 4 affects the role of a starter With integrated 
vibration insulation, Which, because of its design as a direct 
starter, is particularly simple, free of Wear, rapid and loW 
noise, since it does not require any additional means, like 
additional couplings, additional gears, freeWheels, etc. 

The disclosed electric machine 4 can also preferably serve 
as a generator to supply an electric consumer of the vehicle 

10 

15 

25 

35 

45 

55 

65 

8 
and/or one or more vehicle batteries With electricity. If the 
electric machine 4 is positioned With its rotor 12 on the 
crankshaft of a vehicle internal combustion engine and is 
supplied With the necessary startup torque by this shaft, 
during starting the machine 4 can be operated as a motor 
and, after starting of the internal combustion engine, as a 
generator. The starter/generator combination saves one of 
the tWo units ordinarily used for this purpose, namely either 
the starter or the generator. 

Use of the electric machine 4 as a generator vehicle brake 
is also advantageous, in Which the created energy is stored 
for reuse. Unlike ordinary retarders, the brake energy is 
converted Without additional units to electrical energy. This 
conversion is achieved largely free of Wear oWing to the 
electromagnetic coupling of the electric machine. In 
principle, the energy produced in this case can be directly 
taken off by the consumer or “burned” in some other Way 
and/or stored recuperatively. 

In another variant, the electric machine 4 may also be 
used to drive the vehicle, especially as an auxiliary drive in 
addition to the internal combustion engine, (e.g., as an 
acceleration support (so-called booster function)). The inter 
nal combustion engine of the vehicle can then be dimen 
sioned smaller from the outset, Which permits operation With 
higher effective average pressure and consequently loWer 
fuel consumption. 
The electric machine 4 preferably serves as an active 

torsional vibration damper, Which generates alternating 
torques in counterphase to the rotational irregularities in the 
drive train to compensate for the rotational irregularities. 
The rotor 12, Which is exposed to the counter torque, can 
then be connected on the drive or driven side to the drive 
train, i.e., connected in front of or after the vibration 
insulation. If the rotor is coupled on the driven side, for 
example, it is supplied With a counterphase alternating 
torque of the same magnitude in order to compensate for 
torsional vibrations still present that overcome the vibration 
insulation. 
The limited siZe of the electric machine 4 has a particu 

larly favorable effect here, since the electric machine itself 
can be accommodated in the immediate vicinity of the 
internal combustion engine With the least possible space, 
(i.e., at the location of one of the main vibration or distur 
bance sources in the vehicle, Where vibration or noise 
formation can be counteracted simply and effectively even 
during startup). 

In the creation of an alternating torque opposite the 
rotational irregularities the electric machine is operated 
periodically in alternation as an (accelerating) electric motor 
and as a (braking) generator. The energy recovered in the 
generator operation can be temporarily stored to advantage. 
The teachings of the invention may also be applied via a 

process for operating an electric machine assuming one or 
more of the aforementioned functions. The advantages men 
tioned above apply in similar fashion to the process. 

Although certain instantiations of the teachings of the 
invention have been described herein, the scope of coverage 
of this patent is not limited thereto. On the contrary, this 
patent covers all instantiations of the teachings of the 
invention fairly falling Within the scope of the appended 
claims either literally or under the doctrine of equivalents. 
What is claimed is: 
1. An apparatus comprising: 
a drive train having a drive side, a driven side, and a 

torque path by Which torque is transferred from the 
drive side to the driven side; 
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a stator; 

a rotor disposed adjacent the stator Within the torque path 
of the drive train, the rotor de?ning a substantially 
hollow interior; and 

a vibration insulation device disposed at least in part 
Within the holloW interior of the rotor and Within the 
torque path of the drive train, the vibration insulation 
device including a ?rst part connected to the drive side 
of the drive train, a second part connected to the driven 
side of the drive train, and a torsionally elastic coupling 
device coupling the ?rst and second parts, such that the 
?rst part is radially disposed relative to the second part. 

2. An apparatus as de?ned in claim 1 Wherein the tor 
sionally elastic coupling device comprises one or more 
helical springs. 

3. An apparatus as de?ned in claim 1 Wherein the tor 
sionally elastic coupling device comprises one or more coil 
springs. 

4. An apparatus as de?ned in claim 1 Wherein the rotor is 
annular and the vibration insulation device is disposed in 
concentric relation to the rotor. 

5. An apparatus as de?ned in claim 1 further comprising 
a ?yWheel rnass coupled to one of the ?rst and second parts 
of the vibration insulation device. 

6. An apparatus as de?ned in claim 5 Wherein the ?yWheel 
mass is coupled to the one of the ?rst and second parts of the 
vibration insulation device by a second torsionally elastic 
coupling. 

7. An apparatus as de?ned in claim 6 Wherein the second 
torsionally elastic coupling comprises an elastorner layer. 

8. An apparatus as de?ned in claim 1 further comprising 
a friction surface coupled to one of the ?rst and second parts 
of the vibration insulation device via a second torsional 
elastic coupling, the friction surface being disposed betWeen 
the ?rst and second parts of the vibration insulation device. 
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9. An apparatus as de?ned in claim 1 Wherein one of the 

?rst and second parts of the vibration insulation device 
rotates in unison With the rotor. 

10. An apparatus as de?ned in claim 1 Wherein one of the 
?rst and second parts of the vibration insulation device at 
least partially assumes an electromagnetic function of the 
rotor. 

11. An apparatus as de?ned in claim 1 Wherein the rotor 
is mounted on one side. 

12. An apparatus as de?ned in claim 1 Wherein the 
apparatus is a rotating ?eld machine and the rotor comprises 
a squirrel cage rotor having salient rnagnetic poles. 

13. An apparatus as de?ned in claim 1 Wherein the rotor 
and stator are excited to act as a starter for starting an 
internal combustion engine associated With the drive train. 

14. An apparatus as de?ned in claim 1 Wherein the rotor 
and stator are excited to act as a generator. 

15. An apparatus as de?ned in claim 1 Wherein the rotor 
and stator are excited to act as an auxiliary drive to support 
acceleration of a vehicle associated With the drive train. 

16. An apparatus as de?ned in claim 1 Wherein the rotor 
and stator are excited to act as an active torsional vibration 

darnpener Which generates alternating torques to cornpen 
sate for rotational irregularities detected in the rotor. 

17. An apparatus as de?ned in claim 13 further cornpris 
ing a control device to controllably excite the stator to effect 
the rotation of the rotor. 

18. An apparatus as de?ned in claim 15 further cornpris 
ing a control device to controllably excite the stator to effect 
the rotation of the rotor. 

19. An apparatus as de?ned in claim 16 further cornpris 
ing a control device to controllably excite the stator to effect 
the rotation of the rotor. 


